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Endovascular management of multiple
arteriovenous fistulae following failed laser-assisted
pacemaker lead extraction
David J. O’Connor, MD,a Jay Gross, MD,b Brian King, MD,a William D. Suggs, MD,a
Nicholas J. Gargiulo III, MD,a and Evan C. Lipsitz, MD,a Bronx, New York
A woman presented for evaluation of new-onset left arm edema after failed laser-assisted pacemaker lead extraction.
Initial workup demonstrated a left subclavian artery to vein arteriovenous fistula (AVF). She underwent repair of the AVF
with placement of a covered stent in the subclavian artery, however, her symptoms did not completely resolve.
Investigation revealed a left common carotid artery to left innominate vein AVF, which was repaired by deploying a
covered stent retrograde into the left common carotid artery. Her symptoms subsequently resolved. Multiple iatrogenic
AVF can be repaired endovascularly, however, a high degree of suspicion for multiple injuries should be maintained.
(J Vasc Surg 2010;51:1517-20.)The presence of a failing or infected pacemaker can
necessitate removal of the generator and associated leads.
While removal of the generator may be simple, extraction
of the leads can be complicated due to the development of
fibrotic tissue encasing the lead and the vein wall.1 A variety
of endovenous sheaths are available to release leads from
surrounding structures.
The technique involves insertion of a rigid metal or
plastic locking stylet into the pacemaker lead lumen to
provide traction. An outer sheath is then advanced over the
lead which breaks the encasing scar tissue without causing
venous wall injury.2 For the past 10 years, the Excimer laser
(Spectranetics Inc, Colorado Springs, Colo) has been in-
creasingly utilized to augment scar lysis. The device uses
XeCl laser energy delivered through a 12 to 16F fiber optic
sheath and ablates tissue directly in front of the sheath tip.
The use of this laser, compared with traditional catheters,
increased the success of lead extraction from 64% to 94% in
a multicenter randomized trial.3 Reported serious compli-
cations of lead extraction devices include venous laceration,
pneumothorax, venous thrombosis, pulmonary embolus,
myocardial tear, tricuspid valve injury, and bleeding requir-
ing transfusion.4 Major complication rates associated with
the Excimer laser range from 1.9% to 3.6%.3 Another rare,
but serious complication of this device is the development
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Vascular Surgery.doi:10.1016/j.jvs.2009.12.069of an arteriovenous fistula, which has been reported only in
isolated case reports.4-9 We report a case of a woman who
developed multiple arteriovenous fistulae after a failed at-
tempt to remove her pacemaker leads using the Excimer
laser device.
CASE REPORT
A 53-year-old woman with a history of complete heart block
and pacemaker dependence required removal of her nonfunction-
ing pacemaker leads to provide optimal access for placement of a
new device. She underwent a failed attempt to remove the leads
placed through the left subclavian vein using the Excimer laser-
powered sheath (Spectranetics Inc) with a locking stylet under
fluoroscopic guidance at an outside institution. None of the leads
could be removed and the procedure was aborted.
One month later, she presented to our institution with dyspnea
on exertion, hoarseness, and left arm edema. Physical examination of
the left upper extremity revealed palpable pulses, pitting edema, and a
thrill in the supraclavicular fossa. Duplex ultrasonagraphy showed a
high-flow AVF from the subclavian artery with a massively dilated left
innominate vein. SubsequentCTangiography (CTA)demonstrated a
left subclavian artery to left subclavian vein arteriovenous fistula
(AVF).
Arteriography via left brachial artery cut-down was performed
and demonstrated the subclavian artery fistula distal to the left
vertebral artery (Fig 1). We deployed a 7  16 mm balloon
expandable stent graft (iCAST; AtriumMedical, Sydney, Australia)
over the origin of the fistula, however, there was still persistent
arteriovenous flow. An 8  50 mm self-expanding stent graft
(Viabahn; W. L. Gore and Associates, Flagstaff, Ariz) was then
deployed distal to the vertebral takeoff. There was minimal but
persistent innominate vein filling seen, but it did not appear to
originate from the subclavian artery. It was felt the fistula might
close once anticoagulation was off and an arch aortogram was not
felt to be necessary at the time.
Postoperatively, she had a reduced but persistent thrill. A
repeat duplex ultrasound suggested a proximal left common
carotid artery (CCA) to left innominate vein fistula that had
been obscured on the original duplex due to the massively
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construction of her CTA, this finding was confirmed on the
initial CT scan.
Repeat angiography via common femoral artery puncture
confirmed a fistula between the proximal CCA and the left
innominate vein. Attempts to cannulate the CCA distal to the
fistula were unsuccessful, as the wire and catheter preferentially
steered through the AVF. The procedure was terminated and
plans were made for a combined antegrade and retrograde
approach.
Under general anesthesia with somatosensory evoked po-
tential monitoring, a common femoral artery puncture was
performed and a pigtail catheter was advanced to the aortic arch.
The left common carotid artery was surgically exposed. A 5F
sheath was inserted in a retrograde fashion into the CCA under
direct vision. The guidewire was carefully advanced through the
CCA and the sheath was exchanged to a 9F sheath for stent
delivery. An 8  50 mm self expanding stent graft (Viabahn;
W. L. Gore and Associates) was placed across the proximal CCA
(Fig 2). There was no filling of the innominate at the comple-
tion of the procedure.
Postprocedurally she was placed on aspirin and clopidogrel.
Only one of the original leads was removed via a percutaneous
transfemoral approach, and replacement leads were placed via the
right subclavian vein. At follow-up, she has remained neurologi-
Fig 1. Angiography demonstrating arteriovencally intact with no detectable thrill for 6 months. Her arm edema
Fig 2. Angiography after placement of left common carotid (A)ous flow between the left subclavian artery and vein.and subclavian artery (B) stents.
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CTA performed at 6-month follow-up demonstrates no endoleak
with the common carotid and subclavian stents in the proper
positions (Fig 3).
DISCUSSION
Pacemaker lead extraction, a frequently performed proce-
dure, canbe associatedwith significantmorbidity. This ismost
commonly a result of forceful manipulation of the tip of the
rigid stylets within the pacemaker leads, which can puncture
the vein wall when the outer catheter is not advanced over the
lead tip. The resultant shearing force can create a traumatic
connection between the artery and vein leading to fistula
formation. Because of the potential for serious morbidity,
leads should only be removed if they are infected, cause an
arrhythmia, are a source of thromboembolic events, obscure
implantation of replacement leads or another implantable
device, cause intractable pain, interfere with treatment of a
malignancy, or are nonfunctional in a young patient.10 In our
patient, lead extraction was undertaken to provide space for
the new leads since she is relatively young and may require
additional devices in the future.
There are only a few case reports in the literature
describing arteriovenous fistula development after en-
dovenous pacemaker lead extraction. Arteriovenous fistulae
involving the innominate, left common carotid, left inter-
nal mammary, and subclavian arteries have all been re-
ported with either surgical or endovascular repair.4-9,11
Great vessel arteriovenous fistulae are uncommon and
anatomic factors often make surgical exposure in this area
difficult. Traditional repair has consisted of ligation of the
fistula with interposition bypass grafts.4 Endovascular ap-
proaches have recently gained favorable attention since
difficult and morbid anatomic surgical exposures can be
avoided. The use of covered stents to treat traumatic arte-
riovenous fistulae has been well established.12,13 A variety
of covered stents are now available, including self- and
balloon-expandable versions. Advantages of the self-
expanding stents in this case are their ability to conform to
vessel diameter changes, flexibility across joints, and resistance
Fig 3. Computed tomographic angiogram (CTA) at 6
stents in place.to external crushing forces. A potentially better seal can beobtained with balloon-expandable stents due to their greater
radial and hoop strengths, however, they have been shown to
undergo deformation stenosis when external forces are ap-
plied.14 Long-term comparative studies of balloon and self-
expanding stents for the treatment of arteriovenous fistulae
are not available at this time, however.
Endovascular access approaches include transfemoral,
brachial, and direct carotid puncture routes. Brachial artery
access allows for direct ipsilateral subclavian or vertebral access
and avoids tortuous pathways. This was our initial thinking
when we thought only a subclavian artery fistula was present.
The transfemoral approach can provide a complete arch aor-
togram and all arch vessels can be accessed. However, tortur-
ous anatomy may limit stent delivery and there may not be
enough space for proximal positioning of a sheath when
stenting the proximal common carotid artery. Direct retro-
grade ipsilateral carotid puncture can provide good access
when stent grafting proximal common carotid lesions. In light
of the initially undetected carotid-innominate fistula, a trans-
femoral arch aortography with selective angiography of the
arch vessels may have facilitated identification of both the left
common carotid and subclavian fistulae. The subclavian fistula
could have been repaired via the transfemoral route during the
same procedure, however, direct carotid puncture would still
have beennecessary in this case due to the proximal locationof
the fistula.
To our knowledge, this is the first report in the medical
literature documentingmultiple arteriovenous fistulae follow-
ing endovenous laser-assisted pacemaker lead extraction. This
case illustrates that suspicion of more than one injury should
be employed when treating traumatic AVF. Proximal subcla-
vian and proximal common carotid artery injuries can be
successfully repaired using covered stents with minimal mor-
bidity. The long-term durability of such an approach remains
to be seen. For particularly difficult anatomic locations, com-
bined antegrade and retrograde approaches can be useful.
REFERENCES
1. Smith HJ, Fearnot NE, Byrd CL, Wilkoff BL, Love CJ, Sellers TD.
Five-years experience with intravascular lead extraction. US Lead Ex-
ths with common carotid (left) and subclavian (right)montraction Database. Pacing Clin Electrophysiol 1994;17(Pt 2):2016-20.
JOURNAL OF VASCULAR SURGERY
June 20101520 O’Connor et al2. Verma A, Wilkoff BL. Intravascular pacemaker and defibrillator lead
extraction: a state-of-the-art review. Heart Rhythm 2004;1:739-45.
3. Wilkoff BL, Byrd CL, Love CJ, Hayes DL, Sellers TD, Schaerf R, et al.
Pacemaker lead extraction with the laser sheath: results of the pacing
lead extraction with the Excimer sheath (PLEXES) trial. J Am Coll
Cardiol 1999;33:1671-6.
4. Milla F, Mack CA, Girardi LN. Arteriovenous fistula after laser-assisted
pacemaker lead extraction. Ann Thorac Surg 2006;81:2304-6.
5. Bracke FA, van Gelder B, Meijer A. Arteriovenous fistula after injury of
the left internal mammary artery during extraction of pacemaker leads
with a laser sheath. Pacing Clin Electrophysiol 1999;22:833-4.
6. Kumins NH, Tober JC, Love CJ, Culbertson TA, Gerhardt MA, Irwin
RJ, et al. Arteriovenous fistulae complicating cardiac pacemaker lead
extraction: recognition, evaluation, and management. J Vasc Surg
2000;32:1225-8.
7. Cirillo RL, Fontaine AB. Iatrogenic brachiocephalic arteriovenous fis-
tula: description of a fatal complication after cardiac pacemaker lead
extraction. J Vasc Interv Radiol 1998;9:1029-30.
8. Garcia-Bolao I, Macias A, Moreno J, Martin A. Fatal left internal
mammary artery graft to subclavian vein fistula complicating dual-
chamber pacemaker implantation. Europace 2008;10:890-1.9. Lawton JS,MoonMR, Curci JA, Rubin BG, Smith TW,GlevaMJ, et al.
Management of arterial injuries caused by laser extraction of indwelling
venous pacemaker and defibrillator leads. PACE 2006;29:917-20.
10. Love CJ, Wilkoff BL, Byrd CL, Belott PH, Brinker JA, Fearnot NE, et
al. Recommendations for extraction of chronically implanted trans-
venous pacing and defibrillator leads: indications, facilities, training.
North American Society of Pacing and Electrophysiology Lead Extrac-
tion conference faculty. Pacing Clin Eelectrophysiol 2000;23:544-51.
11. Hagspiel D, Shih MP, Peeler BB, Jensen ME. Treatment of carotid
arteriovenous fistula with balloon-expandable tracheobronchial covered
stent. JVIR 2006;17:585-6.
12. Parodi JC, Schonholz C, Ferreira LM, Bergan J. Endovascular stent
graft treatment of traumatic arterial lesions. Ann Vasc Surg 1999;13:
121-9.
13. Criado E, Marston WA, Ligush J, MauroMA, Keagy BA. Endovascular
repair of peripheral aneurysms, pseudoaneurysms, and arteriovenous
fistulas. Ann Vasc Surg 1997;11:256-63.
14. Yadav JS, Roubin GS, Iyer S, Vitek J, King P, JordanWD, et al. Elective
stenting of the extracranial arteries. Circulation 1997;95:376-81.Submitted Nov 3, 2009; accepted Dec 29, 2009.
